The impact of mineral fertilization with or without multi-component fertilizers on the content of microelements in soil and spring triticale grains was investigated in field trials, in 2009-2011. The experiment was carried out on 8 fertilizing treatments with three replications, which included two varieties of spring triticale: Andrus and Milewo. The content of available zinc and manganese was higher on plots cropped with the cultivar Andrus and nitrogen fertilization with urea or with urea and ammonium nitrate. It was also found out that the content of available manganese, zinc and iron in the analyzed soils was within the natural average range. A higher content of manganese and zinc in grains was detected after the application of multi-component fertilizers. Nitrogen fertilization at a dose of 120 kg . ha -1 together with Azofoska and Ekolist resulted in an increase in the iron content in cv. Andrus. The regression analysis between the content of the analyzed microelements in soil and in triticale grains revealed a significant increase in the iron, manganese and zinc content in grains together with an increase in the content of these elements in soil under cv. Milewo. With respect to the zinc content in soil and in grain from this variety, the coefficient of determination was the closest to the coefficient of a linear correlation (R 2 = 0.9105). It was shown that an increase in the content of microelements in soil was not always accompanied by an increase in the content of these elements in spring triticale grains.
INTRODUCTION
Our interest in the content of microelements in the environment is driven mainly by the wish to attain an appropriate quality of soil and agricultural produce. As a life-sustaining habitat, soil plays the principal role in the growth of plants, but it also influences the development of humans and animals. Any excess or deficit of microelements has a negative impact on the physiological processes in plants (GRzyś 2004 , sPiak 2000 . Iron, zinc, copper and manganese are regarded to be as essential elements in nutrition (knaPowski et al. 2009 ). In the body, they activate numerous enzymes responsible for the metabolism of cells (GRzyś 2004 , knaPowski et al. 2010 .
In Poland, the natural concentration of microelements in soil is highly diverse within provinces and regions (dąBkowska-naskRęt et al. 2006 , LiPnicki 2009 . The current level of soil abundance indicates a high share of areas with low copper concentrations (LiPnicki 2009 ). The content of other elements is on a moderate level. Numerous studies have shown that the phytoabsorption in soil and grains is conditioned by many factors, such as soil reaction, abundance of nutrients, absorbable forms of elements, fertilization, species and varieties of plants (kaLemBasa et al. 2009 , diatta 2008 , diatta, GrzeBisz 2006 , jakuBus 2006 , śCiGalska et al. 2000 . The levels of microelements in plants are indirectly influenced by a dose and method of fertilization with other components, particularly with nitrogen (diatta, GrzeBisz 2006 GrzeBisz , sienkiewicz et al. 2009 GrzeBisz , wei et al. 2006 . Intensive agronomic technologies involved in the cultivation of high-yielding plants, which have high nutritional and fertilizing demands, as well as the target increase in crop yields have led to the depletion of these microelements in soils.
Foliar fertilization is the most popular way to supply microelements in plant production. Simultaneous application of essential elements and microelements produces grain crops with the quality characteristics which enhance their value as food and feeds (sztuder 2009). Direct feeding of plants by spraying is faster and more effective than absorption of nutrients from soil (wójCik 2004) . This method of plant nourishment is particularly suitable when soils are deficient in microelements and during the phases of intensive growth of plants. It is also necessary to supply microelements in doses appropriate for plants and sustainable for the environment.
The content of microelements in grain is a quality descriptor applied in the context of its value for human and animal consumption. It contributes to the composition of a daily nutritional ration (knaPowski et al. 2009 ).
In Poland, the rising interest in foliar fertilization with microelements is encouraged by the high percentage of light acid soils with a low and average content of absorbable forms, and by the low concentration of these elements in plants. Cereals are among the plants most sensitive to deficiencies of microelements. However, rational fertilization may replenish the loss of these elements in soil.
The aim of this study was to determine to what degree soil and foliar fertilization with multi-component fertilizers influences the content of zinc, manganese, copper and iron in soil and their content in spring triticale grain.
MATERIAL AND METHODS
In 2009-2011, a field trial was carried out at the Teaching and Research Centre of the UWM in Tomaszkowo. The experiment was set up on typical brown soil with the texture of light clay class III b with the silt subsoil. The soil was acidic, with a low content of organic carbon (C org 7.71 g kg -1
), an average content of available zinc, manganese and iron and a low copper content ( Table 1) .
The experiment was set up in randomized blocks with 3 replications. The size of a single plot was 6.25 m 2 , of which 4.0 m 2 were harvested. Spring 
ha
-1 of phosphorus (P) in the form of 46% triple superphosphate and 83.1 kg ha -1 of potassium (K) in the form of potassium salt were used. Nitrogen fertilization and the supplementation of basic fertilization were applied according to the scheme (Table 2) . Two recommended multi-component fertilizers containing basic essential elements and the composition of selected microelements were used in the experiment (Table 3) . The agronomic technologies applied to spring triticale were carried out as required.
The meteorological conditions, i.e. rainfalls, presented as the annual averages for the years when the experiment was conducted, differed from the values measured in the previous years (Table 4 ). The precipitation in April was less than half the average value for the previous years. In May, June and July the average precipitation was higher by 51.4, 28.8 and 46.7%, respectively, than the means from the previous years. The soil sampled after harvest was dried, ground in a china mortar and passed through a sieve with 1mm mesh. The soil reaction (pH) was determined by the potentiometer method in 1 M KCl dm -3 . The microelements soluble in 1M HCl dm -3 were extracted at a chemical agricultural station, according to the total method, i.e. by shaking a soil sample with hydrochloric acid at the 1:10 ratio for 1 hour (GemBarzewski, korzeniowska 1996) The samples of grains were ground in a WŻ-1 laboratory-type mill and then mineralized in a heated mixture of HNO 3 and HClO 4 acids in the 3:1 ratio.
After soil extraction and grain mineralization, the content of Cu, Zn, Mn and Fe was determined in the solutions using the flame technique on an atomic absorption spectrometer.
The statistical calculations were performed according to a two-way analysis of variance, which was consistent with the experimental mathematical model, i.e. randomized blocks. Apart from basic statistical parameters, statistically homogenous groups were determined with the Tukey's range test at α = 0.05. The relationships between the content of microelements in soil and their content in grains were also investigated. All statistical analyses and calculations were performed with MS Office Excel and Statistica software.
RESULTS AND DISCUSSION
The pH values (in KCl solution of a concentration 1 M) of the tested soil samples collected after the harvest of spring triticale were within the range of 4.75 and 5.04 for cv. Andrus and from 4.79 to 4.96 for cv. Milewo (Table 5) . Under the experimental conditions, i.e. with small differences in pH values, the soil reaction did not influence the concentration of microelements, as reported by diatta (2008) and wei et al. (2006) . It was found that the content of absorbable fractions of zinc, copper, manganese and iron in soil after the harvest of spring triticale was differentiated (Table 5 ). According to diatta and GrzeBisz (2006), depending on the type of soil, nitrogen fertilizers such as (NH 4 ) 2 SO 4 , CO(NH 2 ) 2 and NH 4 NO 3 • · CaCO 3 affect the buffer capacity of soil, hence altering the concentration The highest increase in the zinc content (by 14.7%) was reported after the fertilization of cv. Milewo with the higher dose of nitrogen (120 kg ha -1 ) and with Azofoska. A significant increase in the manganese content (by 11%) was observed in the cultivation of cv. Milewo fertilized with Azofoska, regardless of the nitrogen dose.
It was also found that the content of manganese, zinc and iron in the tested soil samples ranged within their natural average concentrations, while the content of copper was on a low level regardless of the type of fertilization.
kastori et al. (2006), szaBó and fodor (2006) showed that the accumulation of microelements, particularly zinc and manganese, in triticale or winter wheat grains and in sunflower or maize seeds largely depended on soil abundance. In our experiment, the content of the analyzed elements in spring triticale grains was differentiated and, similarly to reports by other authors (wójCik 2004 , sienkiewicz et al. 2009 , sztuder 2009 , śCiGalska et al. 2000 , 2011 , depended on the type of fertilization.
The average content of copper in grain ranged between 2.26 mg . kg -1 and 2.80 mg .
kg
-1 for cv. Andrus and from 2.44 mg kg -1 to 3.27 mg kg -1 for cv. Milewo (Table 6) . A higher content of copper was observed under the influence of foliar and soil nitrogen fertilization at a dose of 80 kg ha ). In cv. Milewo, the highest content of iron was reported only under the impact of nitrogen fertilization at a dose of 120 kg ha -1 . In the cultivation of triticale fertilized with the higher dose of nitrogen (120 kg ha -1 ), the beneficial effect of Azofoska supplied during the BBCH 23-29 phase on the content of manganese was observed for the cultivar Andrus. This type of fertilization affected the content of zinc in cv. Andrus variety grains and manganese and zinc in cv. Milewo grains. This experiment has indicated that foliar fertilization with liquid preparations is one of the most cost-efficient agrotechnical procedures (sztuder 2009).
In the studies carried out by Kastori et al. (2006) on the cultivation of triticale on Chermozem soil and fertilization with foliar supply of microelements, a significant correlation between the dose of fertilizer and the content of elements in grains was observed. An increase in the content of microelements in soil was not always accompanied by an increase in the content of these elements in spring triticale grains. Analysis of regression confirmed these relations (Figures 1 -8 ). Our analysis of the relationships between the content of microelements in soil and in triticale grains revealed a significant increase in the content of iron, manganese and zinc in grains together with their increase in the soil in the plots croped with the cultivar Milewo. Regarding the zinc content in soil and in grain from cv. Milewo, the coefficient of determination was the closest to the coefficient of linear correlation (R 2 = 0.9105). It was also found that the content of iron in grain from cv. Andrus decreased along with an increase in the content of this element in soil (R 2 = 0.4592). 
CONCLUSIONS
1. Fertilization resulted in a significant increase in the content of available forms of manganese and zinc in soil, particularly after the application of higher doses of nitrogen with Ekolist and Azofoska.
2. In most cases, a dose of 120 kg N ha -1 supplemented with multi-component fertilizers, i.e. Azofoska and Ekolist increased the content of iron and manganese in spring triticale grains.
